SuMMaRy: Four new antarctic species of the genus Thouarella, all of them belonging to the subgenus Thouarella, are described and illustrated from material collected at the South Georgia and the South Sandwich islands, and off atka bay (eastern Weddell Sea) on the Polarstern cruises ant XiX/5 (laMpoS), and ant XXiV/2 (andeep-SyStco). the study of our new taxa allows us to describe a wider variation in the number of the distal cycles of polyp scales, as well as the existence in the genus (and subgenus) of additional species with planar colonial morphologies. the new species are compared with their closest congeners.
thouarella (see diagnoses for all in Kükenthal, 1915 Kükenthal, , 1919 Kükenthal, , 1924 and Diplocalyptra (see diagnoses in Kinoshita, 1908 and cairns and bayer, 2009) . as the subgenus Parathouarella includes the type species of the genus (T. antarctica), it is more appropriate to use the name Thouarella also as a subgeneric name in considering that group of Thouarella species (cairns, 2006) . in the distinction of the different subgenera, characters from marginal scale morphology are mainly used, such as the presence or absence of a spine on their distal part, in addition to the distribution of the polyps on branches and branchlets (Kükenthal, 1924) .
during the antarctic cruises ant XiX/5 and ant XXiV/2, a significant amount of Thouarella s.l. specimens were collected. among this material were a number of specimens belonging to the subgenus Thouarella. Some of the characters present in the studied material increase the variation of the number of the distal scales and the shape of the colonies. the study of these colonies allows us to propose four new species in the subgenus. octocoral colonies were collected using an agassiz trawl or a bottom trawl along the South Georgia Ridge and the atka bay (Fig. 1) . the octocorals were fixed in 10% buffered formalin onboard ship and then transferred to 70% ethanol in the laboratory. Fragments from different parts of the colonies were prepared for study by SeM, employing the usual methodology described previously by several authors (e.g. bayer and Stefani 1989; alderslade 1998) , and permanent mounts were made for light microscopy observation. all sclerite size measurements and illustrations are from the holotypes. the colony and sclerite terminology herein mainly follows bayer et al. (1983) . the material studied has been deposited at the Zoologisches institut und Zoologisches Museum, Hamburg, Germany (ZiZMH); the national Museum of natural History, Smithsonian institution, Washington, d.c. (uSnM) ; and the anthozoan Reference collection of the research group "biodiversidad y ecología de invertebrados Marinos" of the university of Seville (beiM).
ReSultS
Family Primnoidae Gray, 1858 Genus Thouarella Gray, 1870 Subgenus Thouarella Gray, 1870 nominal species in the subgenus Thouarella Fig. 1 . -Known distribution of Thouarella species described in this paper: triangle, Thouarella bayeri n. sp.; circle, Thoaurella sardana n. sp.; square, Thouarella undulata n. sp.; star, Thouarella andeep n. sp. Solid symbols represent the respective type localities. Description of the holotype. colony uniplanar (Fig. 2a) , 9.6 cm in height and 4 cm in width, dichotomously branched, internodes about 6-27 mm in length, unbranched terminal twigs up to 26 mm. axis bronze in colour, stiff and firmly attached to hard substrate by a white, calcareous, discoidal holdfast, basal axis diameter of 1.3 mm and 21 mm height until the first division. polyps perpendicular to stem (Fig. 2b) , present on main stem and branches in a roughly alternating arrangement, occasionally opposite (i.e. paired), with little tendency toward pairs or whorls, 9-12 polyps per cm. polyps (Fig. 3c) relatively short, cylindrical to club-shaped distally, about 1.6-2.4 mm in height and 0.47-0.91 mm in diameter without including sclerite spines, which may extend considerably beyond the operculum. polyp body with seven longitudinal rows of scales, 4-5 transversal rows of scales on each longitudinal abaxial row overlapping one another.
Second accessory opercular scales in variable number, from absent to four (rarely seven), stickshaped. Where present, on the inner surface of first accessory opercular scales very close together.
First accessory opercular scales in numbers of eight, arranged in two alternate cycles of four scales: inner cycle (Fig. 4a) with small, 0.27-0.41 x 0.09-0.14 mm, narrow, stick-shaped tentacular scales; outer cycle ( Fig. 4b) with bigger, 0.22-0.42 x 0.14-0.22 mm, broad, arrowhead-like scales. proximal inner surfaces tuberculate, covering about one third in length, distal inner surface smooth, without keel. outer surface quite smooth. basal margin with digitate processes, free margin finely serrated. opercular scales, 0.62-1.06 x 0.41-0.54 mm, arranged in two alternate cycles of four scales: inner cycle ( Fig. 4c ) with blunt tips and squarish base; outer cycle ( Fig. 4d ) with isosceles-shaped scales. inner surface like that in accessory opercular scales. outer surface with radial granules from nucleus on proximal portion. Free margin finely serrated.
Marginal scales, seven (eight) in number ( Fig.  4e ), basal part of scale equilateral triangle-shaped projecting a long thorn, round in section, 1.1-1.83 x 0.52-0.83 mm in length (including thorn), thorn more than three-quarters of total sclerite length, with numerous longitudinal ridges on all sides. outer surface with granules radially arranged from nucleus on proximal portion. Free margin serrated, proximal margin with digitate processes.
Remaining body scales ( Fig. 4F ) with tendency to circular or oval shape, 0.38-0.63 mm in maximum length. inner surface completely tuberculate, outer surface with granules radiating from nucleus on proximal portion. Free margin finely serrated, basal margin with digitate processes. Submarginal scales with or without a short distal projection (Fig. 3e) .
coenenchyme scales ( fig. 4G ) more diverse in shape, ranging from round to irregular elongated polygons, 0.18-0.45 mm in maximum length. Surface with similar ornamentation to body scales. Margin quite smooth, some serrated, or with digitate processes.
Variations. the general colonial structure of the paratypes and additional examined material is quite similar to that of the holotype. colonies reach up to 
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8 cm in height and 5 cm in width. the ramification pattern is somewhat elongated or broad. the main stem (before the first dichotomic division) is 6-13 mm in length. the polyp form and distribution are as in the holotype. Second accessory opercular scales can vary from absent to four in number as in the holotype. the outer cycle of opercular scales in some colonies or fragments of paratypes are less pointed and isosceles-shaped Geographic and bathymetric distribution. at present, Thouarella bayeri n. sp. is known only from west of South Georgia island, antarctica ( Fig. 1) , between 306 and 342.7 m in depth.
Etymology. the specific name bayeri is chosen in honour of prof. F.M. bayer, in recognition of his valuable contributions to the knowledge of octocorallia taxonomy. Description of the holotype. colony bottlebrush (Fig. 2c) , 15.3 cm in length, with two main branches from the main stem, probably part of a larger colony. one of the branches 12.2 cm in height and 4.9 cm in width, and the other one 10.4 cm in height and 3 cm in width; stiff branchlets ( Fig. 2d) simple or bifurcate on their bases, about 1-2.5 cm in length. axis bronze in colour, stiff. basal axis diameter of 2.2 mm and 35 mm height until the first main branches.
polyps almost perpendicular to stem (Fig. 2d,  5c ), present on main stem and branches, arranged in a spiral (Fig. 5c ), occasionally opposite on proximal part of branches, with no tendency toward pairs or whorls. 9-10 polyps per cm. polyps (Fig. 5) relatively short, cylindrical to club-shaped distally; about 2.1 -3 mm in height and 0.74-0.93 mm in diameter without including submarginal thorns, which may extend considerably beyond the operculum. polyp body with 7 longitudinal rows of scales, 5 transverse rows of scales on each longitudinal abaxial row overlapping one another. Four to six accessory opercular scales (Fig. 6a ), each small, higher than broad, and 0.41-0.61 x 0.16-0.23 mm. proximal half of inner surface tuberculate, smooth distally, without keel. outer surface quite smooth. basal margin with digitate processes, free margin finely serrated. opercular scales, 0.63-1.2 x 0.33-0.69 mm, arranged in two alternate cycles of four scales: inner cycle ( Fig. 6b) with oval tips and square base; outer cycle ( Fig. 6c) with isosceles-shaped scales. inner surface as in accessory opercular scales; outer surface with radial granules from nucleus on proximal portion. Free margin finely serrated.
Marginal scales (Fig. d) seven to eight in number, basal part of scale equilateral triangleshaped projecting a high and nearly cylindrical thorn, 1.5-2.5 x 0.63-0.91 mm (including thorn), thorn more than three-quarters of total sclerite length. thorn with numerous longitudinal ridges on all sides. inner surface tuberculate covering part of thorn base, with distal smooth areas. outer surface with radial granules from nucleus on proximal portion. Free margin finely serrated, proximal margin with digitate processes. body wall scales (Fig. 7a) fan-shaped, with tendency to square or oval shape, 0.58-1.17 mm in maximum length. inner surface completely tuberculate, outer surface covered with radial, often pointed granules from nucleus on proximal portion. Free margin finely serrated, basal margin with digitate processes. distalmost cycle (below submarginal one) with or without distal thorn (see Fig. 5a , b for scales without thorn and Fig. 5d for scales with thorn).
coenenchyme scales (Fig. 7b ) more diverseshaped from circular to irregular elongated polygons, 0.22-0.8 mm in maximum length. Surface with similar characteristics to body scales. Margin from quite smooth to with digitate processes. Variations. the general colonial structure of the paratypes and additional examined material is quite similar to that of the holotype. the colonies have the base attached to a hard substrate by a white, calcareous, discoidal holdfast. the basal portion of the colony, first 3-11 mm, is devoid of branchlets. the colonies only show one main stem and a variable number of branchlets, the size of the colonial fragments varying from 4 to 14.5 cm in height and from 2.5 to 5 cm in width. the branchlets of some fragments are bent towards one side. the polyps are slightly shorter than in the holotype, 1.2-1.5 mm. the accessory opercular scales can vary from 3 to 6 (usually more than 4) in number. the distribution and the form of the sclerites from polyps and coenenchymes are as in the holotype.
Geographic and bathymetric distribution. at present, Thouarella sardana n. sp. is only known from South Georgia island area, antarctica (Fig. 1) , between 278 and 434 m in depth.
Etymology. the species name is derived from a type of circular dance typical of catalonia, called Sardana, as the arrangement of thorny submarginal scales resembles the dancers holding hands and raising them in the air.
Thouarella (Thouarella) undulata n. sp. (Figs. 8a- Description of the holotype. colony bottlebrush (Fig. 8a) , 10.1 cm in height and 3.3 cm in width without holdfast, probably part of a larger colony; branchlets stiff, bifurcate on their base, about 1.2-2.7 cm in length. axis bronze in colour, stiff, basal axis diameter of 1.12 mm.
polyps almost perpendicular to stem (Fig. 8b) , singly placed, present on main stem and branchlets, occasionally opposite on proximal part of branches, but without tendency toward pairs or whorls, 10-11 polyps per cm. polyps (Fig. 9) relatively short, cylindrical to club-shaped distally; about 1.7-2.4 mm in height and 0.51-0.65 mm in diameter without including thorns from marginal scales, which may extend considerably beyond the operculum. polyp body with seven longitudinal rows of scales, five scales on each longitudinal abaxial row overlapping one another. opercular scales in numbers of eight, arranged in two alternate cycles of four scales: inner cycle (Fig. 10a) small, 0.24-0.50 x 0.11-0.33 mm, with oval tips; outer cycle (Fig. 10b) larger, 0.51-0.69 x 0.36-0.53 mm, bell-shape scales with convex inner distal surface. proximal half of inner surface tuberculate, distal inner surface smooth, without keels. outer surface with smooth granules radiating from nucleus. basal margin with digitate processes, free margin quite straight. Scales distinctly undulate medially, more pronounced in the outer cycle. Marginal scales (Fig. 10c) , eight in number, arranged in two alternate cycles of four scales. basal part of scale obtuse triangle-shaped projecting a high thorn nearly round in section, 0.69-1.47 x 0.53-0.70 mm (including thorn), thorn 64-80% of total sclerite length. thorn with numerous longitudinal ridges on all sides. inner surface tuberculate, covering part of thorn base, with distal smooth areas. outer surface with smooth granules covering all scales. Free margin finely serrated, proximal margin with digitate processes.
body scales (Fig. 10d) , fan-shaped, with tendency to oval shape, 0.34-0.61 mm in diameter. inner surface completely tuberculate, outer surface covered with smooth granules. Free margin finely serrated, basal margin with digitate processes. coenenchyme scales (Fig. 10e ) more diverse shaped from circular to irregular elongated polygons, 0.12-0.46 mm in diameter. Surface with similar characteristics to body scales; some of them with radial ridges of granules distinctly elevated. Margin irregular due to presence of tubercles.
Variations. the general colonial structure of the paratypes and additional examined material is quite similar to that of the holotype. the colony fragments reach up to 11 cm in height and 5 cm in width. the colonies can show a base attached to a hard substrate by a white calcareous holdfast. until the first appearance of branchlets, on stem there could be a range from 2 mm to 16 mm free of them. the polyp and sclerite form and distribution are as in the holotype. Geographic and bathymetric distribution. at present, Thouarella undulata n. sp. is known only from west of South Georgia island, antarctica (Fig.  1) , between 306 and 434 m in depth.
Etymology. the species name is the feminine form of the latin adjective undulatus, meaning undulate, in reference to the undulation of the tentacular scales.
Thouarella (Thouarella) andeep n. sp. (Figs. 2c- Description of the holotype. Fragment of a bottlebrush colony (Fig. 8c) , without holdfast, 5.9 cm in height and 3.2 cm in width; branchlets stiff, in acute angles, simple or bifurcate on the base, bent towards one side, about 1-2.2 mm in length. axis bronze in colour, stiff, basal axis diameter of 0.5 mm, and 11 mm height until the first branchlets. colour of colony light pink.
polyps almost perpendicular to stem (Fig. 8d) , singly placed, present on main stem and branchlets, arranged in a spiral, with no tendency toward pairs or whorls, in clumps on branchlet tips, 10-11 polyps per cm. polyps (Fig. 11b) relatively short, club-shaped; about 1.9-3.4 mm in height and 0.70-0.95 mm in diameter. polyp body with 7 longitudinal rows of scales, 4-5 scales on each longitudinal abaxial row overlapping one another. accessory opercular scales (Fig. 12a ) in numbers of five-six, small, higher than broad, 0.24-0.42 x 0.07-0.30 mm. proximal half of inner surface tuberculate, distal inner surface smooth, without keel. outer surface quite smooth. basal margin with a notch medially, free margin smooth. opercular scales, 0.51-1.1 x 0.34-0.52 mm, arranged in two alternate cycles of four scales: inner cycle ( Fig. 12b) with rounded tips and square base. inner surface like that in accessory opercular scales; outer surface with radial granules from nucleus on proximal portion. Free margin quite straight. outer cycle (Fig. 12c ) elongated distinctly concave longitudinally, with rhombus-base-shape and truncated or pointed tips. proximal half of inner surface tuberculate, distal inner surface with longitudinal ridges, without becoming a distinct keel; outer surface with radial smooth granules from nucleus on proximal portion. Free margin finely serrated. Marginal scales (Fig. 12d ) eight in number, basal part of scale diamond-shaped, 0.95-1.32 x 0.74-0.99 mm (including thorn), thorn about two third (or less) of total sclerite length. thorn with numerous longitudinal ridges on all sides. inner surface tuberculate covering part of thorn base, with distal smooth areas. outer surface covered totally by granules. Free margin finely serrated, proximal margin with digitate processes. body scales (Fig. 12e) , fan-shaped, with tendency to square or oval shape, 0.54-0.84 mm in maximum length. inner surface completely tuberculate, outer surface covered with smooth granules. Free margin finely serrated, basal margin with digitate processes.
coenenchyme scales (Fig. 13 ) more diverse in shape, from circular to irregular elongated ovals, 0.16-0.93 mm in maximum length. Surface with similar characteristics to body scales. in some scales granules as prominent wrinkle-like. Margin finely serrated, irregular with warts proximally. Variations. the general colonial structure of the paratypes and additional examined material is quite similar to that of the holotype. colonies are more flattened in shape, from 3 to 8.5 cm in height and from 3 to 5.6 cm in width. branchlets reaching up to 2.8 cm in length. colonies do not present a holdfast like the holotype. the number of polyps per centimetre can reach up to 12 on branchlets. the polyp and sclerite form and distribution are as in the holotype. accessory opercular scales are small from 3 to 8 (usually 4) in number.
Geographic and bathymetric distribution. at present, Thouarella andeep n. sp. is known only from off atka bay, antarctica (Fig. 1) , 601.8 m in depth.
Etymology. the species name is dedicated to people belonging to the project andeep-Systco, as thanks to their insistence we finally had an extra station, which was the locality where the new species was found. name considered as a noun in apposition.
diScuSSion
Remarks on the subgenus all the new species described above have thorny marginal scales, and lack this distal projection in the opercular ones. From a morphological point of view, and according to subgenera differentiations given by Kükenthal (1915 Kükenthal ( , 1919 Kükenthal ( , 1924 and subsequent authors (cairns and bayer, 2009), these species should be included in the subgenus Thouarella due to the presence of thorns on the marginal scales and the single distribution of polyps on branchlets.
in three of the species here described (T. bayeri n. sp., T. sardana n. sp., and T. andeep n. sp.), there are additional sclerites (in one or two cycles, here named accessory opercular scales) distal to opercular scales, up to two cycles in T. bayeri n. sp., but only one (usually incomplete) in the other two species. due to their minute sizes it may be possible that these additional cycles are present in other, already described species of Thouarella. Kinoshita (1908:5) , in describing T. hilgendorfi Studer, illustrated in Figure 1 four of the eight scales in each cycle of the distal transverse rows. Morphologically his circumopercular scales (rows iV and iii in his figure) seem to correspond to the marginals (row iV) and operculars (row iii), while his operculars (rows i and ii) seem to correspond to the accessory opercular scales found in some of the new species described herein. after Kinoshita (1908) , in T. hilgendorfi the inner row of his opercular scales (row i) is composed by very reduced and even absent sclerites, as in new species described above, in which the accessory opercular scales could not be found in complete cycles. this could mean a reduction (rather than a gain) in the number (and sometimes probably in cycles) of scales through the internal evolution of the group. this feature, in combination with a molecular approach, when possible, can modify ranges of variability and can improve our understanding of the evolution of primnoid gorgonians.
Comparison of the new species with other congeners
Within the subgenus Thouarella, T. bayeri n. sp., due to its uniplanar colony shape, is only comparable with T. bipinnata cairns, 2006. However, both are distinguishable by their polyp scales (see Fig. 9 in cairns, 2006 and Fig. 4 in this paper) . Thouarella bipinnata shows a prominent keel in opercular and marginal scales which are about the same height, while in T. bayeri n. sp. keels are absent in both marginals and operculars, the former scales being much more similar to those in T. diadema (see cairns, 2006: fig. 11, and Fig. 4 of this paper), so marginals and operculars show a remarkable difference in size and proportions in the new species. the presence of the accessory opercular scales in T. bayeri n. sp., also distinguishes this species from T. bipinnata. Finally, T. bipinnata shows a lateral uniplanar branching pattern, while in the new species this pattern is clearly dichotomous. although the uniplanar colony shape is also present in some species of the subgenus Euthouarella, the arrangement of polyps differs, being singly in T. bayeri n. sp. and in pairs or whorls in subgenus Euthouarella. 
